This case report aims to describe the diagnosis, treatment, and evolution of bilateral, asymmetrical retinal capillary hemangioblastomas treated with argon laser and intravitreal anti-vascular endothelial growth factor and also reports the results of an online survey of treatment preferences among retina and vitreous specialists. A previously healthy 23-year-old female presented to our Retina Department complaining of progressive visual loss in her right eye. Visual acuity at admission was 20/300 in her right eye and 20/20 in her left eye. Anterior segment findings were unremarkable and fundoscopy revealed the presence of retinal capillary hemangioblastomas in both eyes. In the right eye, the hemangioblastoma was associated with pronounced exudation and macular edema; in the left eye, the lesion was quiescent. After a complete anamnesis and genetic counseling, Von Hippel-Lindau disease was diagnosed. Treatment with laser photocoagulation was performed on both eyes. One dose of 0.5 mg intravitreal ranibizumab was applied to the right eye. Two months after treatment, the right eye Case 38 demonstrated improved visual acuity (20/100). Moreover, an important decrease in tumor dimensions and a reduction of vessel tortuosity was seen in both eyes. At 18 months of followup, the patient maintains a good visual acuity without recurrence of the treated tumors. Laser treatment should be considered as the primary treatment option for patients with capillary hemangioblastomas with and without exudation and can be combined with intravitreal antiangiogenics if exudation is significant. Inactive smaller lesions without exudation are likely to have an excellent response to laser treatment alone. Management should be individualized since no consensus between experts has been reached.
Introduction
Von Hippel-Lindau (VHL) disease is a rare multisystemic neoplastic syndrome arising from germline mutations in the VHL tumor suppressor gene. This gene is involved in the regulation of hypoxia-inducible factor, which in turn enhances glucose uptake and increases expressions of angiogenic, growth, and mitogenic factors (vascular endothelial growth factor [VEGF], platelet-derived growth factor-b, and transforming growth factor-α) [1] .
The incidence rate of VHL disease is approximately 1 in 36,000 live births; it has an autosomal dominant hereditary pattern and a penetrance of over 90% by 65 years of age. Cardinal manifestations include retinal hemangioblastomas (RHs), spinal cord and brain hemangioblastomas, renal cell carcinomas, pheochromocytomas, renal and pancreatic cysts, endolymphatic sac tumors, epididymis and broad ligament cystadenomas, and pancreatic neuroendocrine tumors [1] [2] [3] .
RHs are benign neoplasms with vascular characteristics, which originate from the neurosensory retina or optic disc. They typically occur in the setting of VHL disease, although they can be isolated. Small RHs are round and flat but, as they increase in diameter, they often acquire a globular appearance. Characteristic feeding and drainage vessels become progressively enlarged and tortuous as the tumor grows. RHs are typically asymptomatic at early stages; nevertheless, in advanced stages, these tumors turn exudative, resulting in diffuse retinal edema with hard exudates which often form a ring or "circinate" pattern around the vascular lesion. Vision loss is usually caused by exudation affecting the macula, glial proliferation or posterior hyaloid contraction related to the tumor and, in severe cases, tractional and/or exudative retinal detachment [4] [5] [6] . Intraocular pressure elevation secondary to iris neovascularization and neovascular glaucoma has been described [4, 5] . Diagnosis of VHL disease is based on clinical criteria and confirmed by molecular testing [5, 6] .
Case Report
A previously healthy 23-year-old Hispanic female from a community in the South of Mexico presented at the Retina and Vitreous Department of our hospital with a history of 4 weeks of progressive, nonpainful decrease of vision in her right eye. At interrogatory, the family medical history of brain and renal tumors was positive in 3 generations. Personal past medical history was denied. At examination, visual acuity was 20/300 in the right eye and 20/20 in the left eye, with no significant refractive error. Intraocular pressure was 12 and 14 mm Hg, respectively. Anterior segment examination was unremarkable. Ocular funduscopy of the right eye showed an orange, elevated, well-demarcated lesion of 3 disc diameters with tortuous feeding vessels at the end of the superior temporal arcade. Multiple hard exudates were present in a circinate distribution around the tumor, affecting the posterior pole and the superior-nasal quadrant. In the temporal-inferior periphery of the same eye, another small exudative lesion of 1 disc diameter was detected ( Fig. 1a ). In the left eye, within the temporal inferior quadrant, a 1-disc diameter tumor with tortuous feeder vessels and without exudation was found ( Fig. 1b) .
Fluorescein angiography of the right eye showed early hyperfluorescence of the tumor, which increased throughout the angiogram phases. Leakage and macular edema were found ( Fig. 2a ). Left eye angiography showed hyperfluorescence of the tumor without leakage (Fig.  2b ). On optical coherence tomography (OCT), the tumor appeared as a dense hyperreflective mass with posterior shadowing located in the inner layers of the retina. Intraretinal cysts and diffuse macular edema were documented in the right eye ( Fig. 2c ). Macular OCT of the left eye was normal ( Fig. 2d ). VHL disease diagnosis was made after a thorough clinical examination, genetic and internal medicine counseling, and complementary exams, including a brain magnetic resonance imaging and abdominal ultrasound; all of these studies were within normal parameters. Genetic testing was indicated but not performed because of the patient's economic limitations. Other causes of vascular retinal abnormalities were ruled out, such as vasoproliferative tumor, cavernous retinal hemangioma, and Wyburn-Mason disease.
Argon laser treatment (PUREPOINT ® , Alcon, Dallas Fort Worth, TX, USA) was performed to all tumors in both eyes. Initial parameters used included a spot size of 400 µm, exposition time of 400 ms, and power of 200 mJ. Laser was applied directly to the tumor until the entire lesion was covered. A total of 8 laser sessions, with 3-week separation intervals, were applied to the main lesion of the right eye and 3 laser sessions using the same parameters were employed in the left eye. Only 1 dose of 0.5 mg intravitreal ranibizumab was injected in the right eye during the first month. Two months after laser treatment, there was improvement in visual acuity from 20/300 to 20/100 in the right eye, as well as regression of the tumor and its feeding vessels (Fig. 3a ). In the left eye, the lesion had a significant decrease in size ( Fig. 3b) .
At the 18-month follow-up visit, a complete clinical examination and fundoscopy were performed; no other laboratory or imaging exams were required. Visual acuity was 20/80 in the right eye and 20/20 in the left eye. A complete regression of the lesions in the right eye can be observed as chorioretinal scar, and no clinically significant exudation was present ( Fig.  3c ). In the left eye, only a chorioretinal scar is evident in the area where the vascular tumor used to be ( Fig. 3d ). Macular OCT of the right eye revealed absence of subretinal or intraretinal fluid ( Fig. 3e ). No other lesion was found. The patient continues with close medical follow-up with an ophthalmologist and an internal medicine specialist. Family counseling was offered; 3 other members have been diagnosed with VHL disease, including a younger sister.
Discussion
We present a case of a previously undiagnosed patient with VHL disease with bilateral RHs in different clinical stages. The treatment we provided was successful and not only the visual acuity of the patient improved; now, other family members are well aware of their illness and are receiving medical care. An online survey of retinal specialists was conducted, and we concluded that treatment is controversial and should be individualized depending on the patient's characteristics (Fig. 4) . One of the limitations of this case report is that the patient was economically limited; genetic testing was indicated but not carried out, and follow-up studies, such as macular OCT, were not performed on all visits.
Currently, there is no consensus regarding the management of RHs. A wide variety of therapies have been used alone or in combination with mixed results. Before vision loss occurs, small tumors can be easily diminished with minimal risks; however, spontaneous regression has been reported [7] . On the other hand, larger lesions can be much more difficult to treat, and damage induced by treatment often leads to a variable degree of exudation and sometimes to a significant inflammatory response that can threaten vision [8, 9] .
Several ablative modalities have been used for the treatment of extrapapillary RHs, including thermal laser photocoagulation, cryotherapy, radiation (including brachytherapy, external beam radiation, and proton beam radiation), photodynamic therapy, and transpupillary thermotherapy [8, 9] . Other treatments, such as surgical removal of large RHs and pharmacotherapy (intravitreal administration of VEGF antagonists) to mitigate tumor exudation, have been employed with variable results [8, 9] .
A recent retrospective study performed by Krivosic et al. [9] evaluated the efficacy and limits of laser photocoagulation in patients with VHL disease and RHs of various sizes. A total of 176 patients were included, but only 74 patients (with 304 RHs in 100 eyes) were treated mainly with laser photocoagulation. Inactivation of RHs was achieved using direct green laser with long duration burns (0.1-0.7 s). In the absence of tractional retinal detachment, laser photocoagulation achieved the inactivation of most RHs up to 3 disc diameters, even when subretinal fluid was present. Laser photocoagulation as a single treatment inactivated 100% of the RHs up to 1 disc diameter and up to 73% of larger RHs. In these cases, additional cryotherapy increased the inactivation rate to 94% [9] .
Because of the controversy surrounding the most appropriate treatment for our patient, we conducted an electronic online survey with the objective to inquire the experts' opinion. In this document, the clinical summary of the patient was included describing her visual acuity at admission, her family and personal history highlights, and a series of images, including clinical photographs, fluorescein angiography, and OCT. The survey was sent via e-Mail to 65 Spanish-speaking vitreoretinal surgeons. A 66% response rate was obtained. Physicians were originally from Mexico (60%) and other Spanish-speaking countries (16%; including Spain, Colombia, Argentina, Costa Rica, Puerto Rico, and Peru), and 23% did not provide this information.
When questioned about the initial management of the main lesion in the right eye, 35% of specialists chose to start with a combination of laser photocoagulation plus intravitreal antiangiogenic, 16% with antiangiogenic monotherapy, 14% with a combination of antiangiogenic and photodynamic therapy, 14% with 3 or more combined therapies, and 12% with photocoagulation monotherapy (Fig. 5 ). Regarding laser photocoagulation parameters, answers were widely diverse when asked about the exposure time, power, and way to direct the laser probe; therefore, a conclusion about laser parameters was not reached.
While 72% of the participants agreed on the need to start immediate treatment on the small exudative peripheral lesion of the right eye, treatment of the left eye injury was controversial. Most specialists argued that since the left eye had a preserved visual acuity and did not show clinical or angiographic data of active exudation, maintaining clinical observation (some with additional maneuvers, such as fluorescein angiography or clinical photographs) was the best option. However, 28% chose immediate treatment, arguing that smaller lesions are easier to treat with photocoagulation ( Fig. 6) .
Larger lesions could be much more difficult to destroy, and injury caused by treatment frequently results in an unpredictable exudative response that can occasionally cause retinal detachment and vision loss. Therefore, a key feature of RH management is to identify tumors as early as possible in order to offer appropriate treatment.
Extrapapillary RHs up to 1.5 mm (1 disc diameter) in diameter can consistently be destroyed using thermal laser photocoagulation across 1 or more sessions. RH between 1.5 and 4.5 mm in diameter are more difficult to extinguish using thermal laser photocoagulation. Commonly, multiple sessions are needed to achieve success, and some lesions persist after multiple treatment sessions. Additionally, cryotherapy is an option for RHs in this size range; it could be used as treatment for refractory tumors to previous laser photocoagulation or as first-line therapy. RHs greater than 4.5 mm in diameter represent a more difficult challenge, with low rates of success and higher risks of treatment. Thermal laser photocoagulation and photodynamic therapy are usually ineffective for these tumors, and there is no consensus on how these lesions should be treated.
Intravitreal VEGF antagonists could be used in an attempt to control exudation in cases where ablative therapy is not possible or has failed. Some eyes can exhibit at least modest improvement in intraretinal edema or subretinal fluid.
Currently, there is no consensus regarding the management of RHs. In this case, we performed combined therapy for the right eye; laser targeting tumor regression and antiangiogenic drug to aim for macular edema. We decided to treat the peripheral tumor in the left eye with laser because smaller tumors are easier to destroy with laser and, on the other hand, the patient had an aggressive evolution with visual acuity compromise in the other eye.
Conclusions
The clinical picture of RHs is widely heterogeneous and their behavior might be unpredictable. There is no consensus for treatment, even among the retina and vitreous specialists questioned. We present a case where the patient had an excellent clinical evolution with the selected treatment. Laser photocoagulation combined with intravitreal antiangiogenic therapy might be an appropriate initial treatment for large, exudative RHs. Inactive smaller lesions without exudation are likely to have an excellent response to laser treatment alone. Management of these patients continues to be challenging, and treatment must be individualized for each patient. Fig. 1 . a Composite retinal fundus image of the right eye. One lesion with globular appearance, dilated feeding vessels, and abundant exudation is observed at the superior-temporal vascular arcade. b Composite retinal fundus image of the left eye. One lesion with globular appearance, dilated feeding vessels, and absence of exudation is observed at the inferior-temporal periphery. Fig. 2 . a Fluorescein angiography of the right eye. Lesion located in the superior-temporal vascular arcade; note the dilated feeding vessels in early phases and abundant exudation in late phases. b Fluorescein angiography of the left eye. Lesion with globular appearance, dilated feeding vessels, and absence of exudation in all phases. c Macular OCT of the right eye; diffuse macular edema with hyperreflective foci in the outer layers corresponding with hard exudates. d Macular OCT of the left eye; absence of pathological findings in the macular area. Fig. 3. a, b Wide-field fundus photographs, 2 months after treatment. Areas of sclerosis start to appear in the vascular lesions of both eyes. A decrease in thickness of the feeding vessels can also be appreciated. 
